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Annona L. belongs to the Annonaceae family and comprises approximately 175 species of trees and shrubs (Chatrou et al.,
2009) with the recent inclusion of the genus Rollinia (Rainer, 2007; Chatrou et al., 2009; Maas et al., 2011), and is found
predominantly in lowland tropical regions. Economically, this genus is themost important of the Annonaceae family due to its
edible fruits and medicinal properties (Leboeuf et al., 1982). Annona pickelii (Diels) H. Rainer is a small tree (3–5 m tall)
endemic to Brazil and popularly known as “araticum-do-mato”, “araticum-da-mata”, “jaquirinha-do-mato”, and “jussara”
(Pontes et al., 2004; Maas et al., 2011). It is found only in the States of Paraíba, Pernambuco and Sergipe, occurring in dense
forests of “restinga” (Pontes et al., 2004).
The leaves of A. pickeliiwere collected from “Mata do Crasto”, in the city of Santa Luzia do Itanhy [coordinates: 11 230 0100
S, 37 250 1300 W], Sergipe State, Brazil, in March 2010. The identity of the plant was conﬁrmed by Dr. Ana Paula do Nascimento
Prata, Department of Biology, Federal University of Sergipe (UFS), Brazil, and a voucher specimen (#15442) has been
deposited in the Herbarium, Federal University of Sergipe (ASE/UFS).
2. Previous work
Previous phytochemical studies on this species described the isolation and identiﬁcation of one lignan known as epi-
yangambin (De Mesquita et al., 1988) and essential oils (Costa et al., 2011).* Corresponding author. Tel.: þ55 79 2105 6657; fax: þ55 79 2105 6651.
E-mail address: emmanoelvilaca@yahoo.com.br (E.V. Costa).
0305-1978  2011 Elsevier Ltd.
doi:10.1016/j.bse.2011.12.011
Open access under the Elsevier OA license. 
L.M. Dutra et al. / Biochemical Systematics and Ecology 41 (2012) 115–1181163. Present study
The dried and powdered leaves of A. pickelii (363 g) were extracted with petroleum ether (1.5 L, ﬁve times), followed by
MeOH (1.5 L, ﬁve times), yielding extracts of petroleum ether (14.54 g) and MeOH (42.16 g) after removal of each solvent.
A portion of the petroleum ether extract (5.0 g) was subjected to silica gel column chromatography (CC) eluted with
increasing concentrations of CH2Cl2 in hexane (100:0 to 10:90, v/v), followed by EtOAc in CH2Cl2 (100:0 to 10:90, v/v) and
MeOH in EtOAc (100:0 to 80:20, v/v), yielding 291 fractions (25 mL each) that were evaluated and pooled according to TLC
analysis, resulting in 19 fractions. Fraction 8 (237.8 mg) was subjected to preparative TLC eluted with petroleum ether-EtOAc
(90:10, v/v, two times) to yield caryophyllene oxide (1, 5.0 mg; Ragasa et al., 2003) and phytol (3, 46.5 mg; Arigoni et al., 1999).
Fraction 9 (268.6 mg) was further puriﬁed on silica gel CC eluted with increasing amounts of EtOAc in petroleum ether (1, 2, 3,
5, 10, 20, 30, 50, 70, 80, 100%, v/v), yielding 55 fractions of 20 mL each that were evaluated and pooled according to TLC
analysis, to give eight subfractions. Subfraction 9.2 (160.0 mg) was further puriﬁed on preparative TLC eluted with petroleum
ether-EtOAc (90:10, v/v, three times) yielding again phytol (3, 17.5 mg; Arigoni et al., 1999) and spathulenol (2, 43.7 mg;
Ragasa et al., 2003). Fraction 10 and 11 were pooled (170.3 mg) and subjected to preparative TLC eluted with petroleum ether-
EtOAc (90:10, v/v, three times) over affording phytol (3, 29.7mg; Arigoni et al., 1999) and spathulenol (2, 15.5mg; Ragasa et al.,
2003). Fraction 12 (98.6 mg) was further puriﬁed on preparative TLC eluted with petroleum ether-EtOAc (80:20, v/v, two
times) to yield b-sitosterol (4, 22.6 mg; Della Greca et al., 1990). Fraction 17 (989.6 mg) was subjected to successive silica gel
CC eluted with increasing concentrations of CH2Cl2 in petroleum ether (100:0 to 10:90, v/v), followed by EtOAc in CH2Cl2
(100:0 to 10:90, v/v), and MeOH in EtOAc (100:0 to 80:20, v/v), as well as preparative TLC eluted with CHCl3-EtOAc (90:10,
three times) to give eudesmin (5, 32.6 mg; Batista et al., 2010), magnolin (6, 237.1 mg; Batista et al., 2010), and yangambin (7,
65.5 mg; Ahmed et al., 2002).
TLC investigations indicated a high concentration of alkaloids in the MeOH extract. Therefore, an aliquot of MeOH extract
(40.0 g) was initially subjected to an acid-base extraction (Costa et al., 2006) to give alkaloid (0.67 g) and neutral (11.30 g)
fractions. An aliquot of alkaloid fraction (0.50 g) was initially subjected to silica gel CC previously treated with a 10% NaHCO3
solution (Costa et al., 2006), and eluted with increasing concentrations of CH2Cl2 in hexane (100:0 to 10:90, v/v), followed by
EtOAc in CH2Cl2 (100:0 to 30:70, v/v), and MeOH in EtOAc (100:0 to 80:20, v/v), giving 218 fractions (15 mL each) that were
evaluated and pooled according to TLC analysis to yield thirteen fractions. Fraction 8 (49.8 mg) was further puriﬁed on
preparative TLC eluted with hexane-EtOAc (80:20, v/v, three times) affording eudesmin (5, 10.0 mg; Batista et al., 2010) and
magnolin (6, 11.4 mg; Batista et al., 2010). Fraction 9 (64.3 mg) was also puriﬁed on preparative TLC eluted with hexane-EtOAc
(60:40, v/v, four times) to yield eudesmin (5, 10.2 mg; Batista et al., 2010), magnolin (6, 17.0 mg; Batista et al., 2010), yan-
gambin (7, 6.1 mg; Ahmed et al., 2002), nornuciferine (8, 5.3 mg; Guinaudeau et al., 1983; Chang et al., 2000), and lysicamine
(10, 2.0 mg; Chang et al., 2000). Fraction 10 (14.4 mg) was subjected to preparative TLC eluted with CH2Cl2–MeOH (95:05, v/v,
three times) resulting in lysicamine (10, 2.8 mg; Chang et al., 2000) and liriodenine (11, 2.4 mg; Chang et al., 2000; Costa et al.,
2009a; Pinheiro et al., 2009). Fraction 11 (31.7 mg) was also subjected to preparative TLC eluted with CH2Cl2–MeOH (90:10, v/
v, two times) giving asimilobine (9, 4.7 mg; Chang et al., 2000).
All isolated compounds (Fig. 1) were identiﬁed by a series of spectrometric methods, such as IR, UV, MS, and NMR (1D and
2D), as well as comparisonwith data reported in the literature. The complete and unequivocal NMR data for nornuciferine (8)
were revised according to 1D and 2D NMR experiments, and are described in this work. 1H NMR (400 MHz, CDCl3) d 8.39 (1H,
d, J¼ 7.7 Hz, H-11), 7.31 (1H, m, H-10), 7.23 (2H, m, H-9 and H-8), 6.65 (1H, s, H-3), 3.93 (1H, dd, J¼ 13.7 and 4.8 Hz, H-6a), 3.89
(3H, s, 2-OCH3), 3.66 (3H, s,1-OCH3), 3.49 (1H, dd, J¼ 12.0 and 5.0 Hz, H-5pseudoeq), 3.12 (1H, m, H-4pseudoax), 3.06 (1H, dd,
J¼ 12.0 and 2.6 Hz, H-5pseudoax), 2.97 (1H, dd, J¼ 13.7 and 4.8 Hz, H-7pseudoeq), 2.86 (1H, t, J¼ 13.7 Hz, H-7pseudoax), and
2.76 (1H, dd, J ¼ 15.8 and 2.6 Hz, H-4pseudoeq); 13C NMR (100 MHz, CDCl3) d 152.5 (C-2), 145.5 (C-1), 135.4 (C-7a), 132.0 (C-
11a), 128.4 (C-11), 128.1 (C-3a), 127.9 (C-8), 127.5 (C-9), 127.2 (C-10), 127.0 (C-3b), 126.7 (C-1a), 111.7 (C-3), 60.2 (1-OCH3), 55.9
(2-OCH3), 53.4 (C-6a), 42.6 (C-5), 36.7 (C-7), and 28.3 (C-4).
4. Chemotaxonomic signiﬁcance
The present work reports the isolation and identiﬁcation of two sesquiterpenes (1–2), one diterpene (3), one steroid (4),
three lignans (5–7), and four alkaloids (8–11): two aporphine (8–9) and two oxoaporphine (10–11) from the leaves of A.
pickelii (Fig. 1). All isolated compounds are reported here for the ﬁrst time from this plant. Caryophyllene oxide (1) and
spathulenol (2) have been found to be components of essential oils from the leaves of several genera of Annonaceae, including
Annona (Costa et al., 2009b, 2011; Pinheiro et al., 2009), Duguetia formerly known as Pachypodanthium (Boyom et al., 2003;
Maia et al., 2006; Maas et al., 2011), Guatteria (Costa et al., 2008; Maia et al., 2005a), Hexalobus (Boyom et al., 2003), and
Xylopia (Boyom et al., 2003; Maia et al., 2005b), and could be considered chemotaxonomic markers of these genera. Recently,
they were described in the bark of Annona salzmannii (Da Cruz et al., 2011) and the stem of Annona amazonica (Pinheiro et al.,
2009). Phytol (3) and b-sitosterol (4) are two compounds reported to occur in many plants (Dewick, 2009). Compounds 5–7
are three example of furofuranic lignans type found in few species of Annonaceae, particularly in the unrelated genera
Annona, Mitrephora and Porcelia (Chen et al., 1996; Figueiredo et al., 1999; Chaves et al., 2000; Deepralard et al., 2007). In
Annona they have been reported in the leaves and fresh unripe fruits of Annona mucosa (Chen et al., 1996; Figueiredo et al.,
1999; Maas et al., 2011). Compound 5was one of the ﬁrst lignans described in Annonaceae from the leaves of Annona sylvatica
(De Mesquita et al., 1988; Maas et al., 2011). Although lignans have been found in other closely related families, such as
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Fig. 1. Chemical constituents isolated from the leaves of Annona pickelii.
L.M. Dutra et al. / Biochemical Systematics and Ecology 41 (2012) 115–118 117Magnoliaceae and Lauraceae, only a limited number have been reported from the Annonaceae (Leboeuf et al., 1982). Other
examples of furofuranic lignans type in Annonaceae was found in the stems of Annona montana (Wu et al., 1995) and Annona
cherimola (Chen et al., 1998), stem bark of Annona emarginata (Février et al., 1999), seeds of Annona membranacea (Saez et al.,
1993), leaves of A. pickelii (De Mesquita et al., 1988), leaves and stems of Mitrephora maingayi (Deepralard et al., 2007), and
branches of Porcelia macrocarpa (Chaves et al., 2000). Therefore, the presence of furofuranic lignans type in Annona suggests
that these compounds could be used as potentially chemotaxonomic markers of this genus.
The aporphine [nornuciferine (8) and asimilobine (9)], and oxoaporphine [lysicamine (10), and liriodenine (11)] alkaloids
are ubiquitous in the Annonaceae, and are found in all most genera of this family, mainly in the Annona, Artabotrys, Desmos,
Duguetia, Enantia, Fissistigma, Goniothalamus, Guatteria, Polyalthia e Xylopia (Guinaudeau et al., 1975, 1979, 1983, 1988, 1994;
Leboeuf et al., 1982; Costa et al., 2009c). They are considered as chemotaxonomic markers of the genera of Annonaceae,
especially Annona (Da Cruz et al., 2011). In Annona, they have been reported in the leaves of Annona sericea (Campos et al.,
2008), fresh fruits of Annona glabra (Chang et al., 2000), stems of A. cherimola (Chen et al., 1997), and bark of A. salzmannii
(Da Cruz et al., 2011).
Acknowledgements
The authors are grateful to FAPITEC/SE (Editais No 07/2009 and 10/2009), CNPq, CAPES, and FINEP for ﬁnancial support
and fellowships.
References
Ahmed, A.A., Mahmoud, A.A., Ali, E.T., Tzakou, O., Couladis, M., Mabry, T.J., Gáti, T., Tóth, G., 2002. Phytochemistry 59, 851.
Arigoni, D., Eisenreich, W., Latzel, C., Sagner, S., Radykewicz, T., Zenk, M.H., Bacher, A., 1999. Proc. Natl. Acad. Sci. 96, 1309.
L.M. Dutra et al. / Biochemical Systematics and Ecology 41 (2012) 115–118118Batista, A.N.L., Batista Junior, J.M., López, S.N., Furlan, M., Cavalheiro, A.J., Silva, D.H.S., Bolzani, V.S., Nunomura, S.M., Yoshida, M., 2010. Quim. Nova 33, 321.
Boyom, F.F., Ngouana, V., Zollo, P.H.A., Menut, C., Bessiere, J.M., Gut, J., Rosenthal, P.J., 2003. Phytochemistry 64, 1269.
Campos, F.R., Batista, R.L., Batista, C.L., Costa, E.V., Barison, A., Santos, A.G., Pinheiro, M.L.B., 2008. Biochem. Syst. Ecol. 36, 804.
Chang, F.-R., Chen, C.-Y., Hsieh, T.-J., Cho, C.-P., Wu, Y.-C., 2000. J. Chin. Chem. Soc. 47, 913.
Chatrou, L.W., Escribano, M.P., Viruel, M.A., Maas, J.W., Richardson, J.E., Hormaza, J.I., 2009. Mol. Phylogenet. Evol. 53, 726.
Chaves, M.H., De Freitas, A., Roque, N.F., Cavaleiro, A.J., 2000. Quim. Nova 23, 307.
Chen, C.-Y., Chang, F.-R., Wu, Y.-C., 1997. J. Chin. Chem. Soc. 44, 313.
Chen, C.-Y., Wu, T.-Y., Chang, F.-R., Wu, Y.-C., 1998. J. Chin. Chem. Soc. 45, 629.
Chen, Y.-Y., Chang, F.-R., Wu, Y.-C., 1996. J. Nat. Prod. 59, 904.
Costa, E.V., Dutra, L.M., De Jesus, H.C.R., Nogueira, P.C.L., Moraes, V.R.S., Salvador, M.J., Cavalcanti, S.C.H., Dos Santos, R.L.C., Prata, A.P.N., 2011. Nat. Prod.
Commun. 6, 907.
Costa, E.V., Marques, F.A., Pinheiro, M.L.B., Vaz, N.P., Duarte, M.C.T., Delarmelina, C., Braga, R.M., Maia, B.H.L.N.S., 2009a. J. Nat. Prod. 72, 1516.
Costa, E.V., Pinheiro, M.L.B., Marques, F.A., Braga, R.M., Maia, B.H.L.N.S., 2009c. Biochem. Syst. Ecol. 37, 43.
Costa, E.V., Pinheiro, M.L.B., Silva, J.R.A., Maia, B.H.L.N.S., Duarte, M.C.T., Amaral, A.C.F., Machado, G.M.C., Leon, L.L., 2009b. Quim. Nova 32, 78.
Costa, E.V., Pinheiro, M.L.B., Xavier, C.M., Silva, J.R.A., Amaral, A.C.F., Souza, A.D.L., Barison, A., Campos, F.R., Ferreira, A.G., Machado, G.M.C., Leon, L.L.P.J., 2006.
J. Nat. Prod. 69, 292.
Costa, E.V., Teixeira, S.D., Marques, F.A., Duarte, M.C.T., Delarmelina, C., Pinheiro, M.L.B., Trigo, J.R., Maia, B.H.L.N.S., 2008. Phytochemistry 69, 1895.
Da Cruz, P.E.O., Costa, E.V., Moraes, V.R.S., Nogueira, P.C.L., Vendramin, M.E., Barison, A., Ferreira, A.G., Prata, A.P.N., 2011. Biochem. Syst. Ecol. 39, 872.
De Mesquita, L.M., Roque, N.F., Quintana, L.M.B., Paulo, M.D.Q., Barbosa Filho, J.M., 1988. Biochem. Syst. Ecol. 16, 379.
Deepralard, K., Pengsuparp, T., Moriyasu, M., Kawanishi, K., Suttisri, R., 2007. Biochem. Syst. Ecol. 35, 696.
Della Greca, M., Monaco, P., Previtera, L., 1990. J. Nat. Prod. 53, 1430.
Dewick, P.M., 2009. Medicinal Natural Products: A Biosynthetic Approach, third ed. John Wiley & Sons, Ltd, United Kingdom.
Février, A., Ferreira, M.E., Fournet, A., Yaluff, G., Inchausti, A., Rojas de Arias, A., Hocquemiller, R., Waechter, A.-I., 1999. Planta Med. 65, 47.
Figueiredo, S.F.L., Viana, V.R.C., Simões, C., Albarello, N., Trugo, L.C., Kaplan, M.A.C., Krul, W.R., 1999. Plant Cell Tissue Org. Cult. 56, 121.
Guinaudeau, H., Leboeuf, M., Cavé, A., 1975. Lloydia 38, 275.
Guinaudeau, H., Leboeuf, M., Cavé, A., 1979. J. Nat. Prod. 42, 325.
Guinaudeau, H., Leboeuf, M., Cavé, A., 1983. J. Nat. Prod. 46, 761.
Guinaudeau, H., Leboeuf, M., Cavé, A., 1988. J. Nat. Prod. 51, 389.
Guinaudeau, H., Leboeuf, M., Cavé, A., 1994. J. Nat. Prod. 57, 1033.
Leboeuf, M., Cavé, A., Bhaumik, P.K., Mukherjee, B., Mukherjee, R., 1982. Phytochemistry 21, 2783.
Maas, P.J.M., Westra, L.Y.T., Rainer, H., Lobão, A.Q., Erkens, R.H.J., 2011. Nord. J. Bot. 29, 257.
Maia, J.G.S., Andrade, E.H.A., Carreira, L.M.M., Oliveira, J., 2006. J. Essent. Oil Res. 18, 60.
Maia, J.G.S., Andrade, E.H.A., Carreira, L.M.M., Oliveira, J., Araújo, J.S., 2005a. Flavour Fragr. J. 20, 478.
Maia, J.G.S., Andrade, E.H.A., da Silva, A.C.M., Oliveira, J., Carreira, L.M.M., Araújo, J.S., 2005b. Flavour Fragr. J. 20, 474.
Pinheiro, M.L.B., Xavier, C.M., de Souza, A.D.L., Rabelo, D.M., Batista, C.L., Batista, R.L., Costa, E.V., Campo, F.R., Barison, A., Valdez, R.H., Nakamura, T.U.,
Nakamura, C.V., 2009. J. Braz. Chem. Soc. 20, 1095.
Pontes, A.F., Barbosa, M.R.V., Maas, P.J.M., 2004. Acta Bot. Bras. 18, 281.
Ragasa, C.Y., Ganzon, J., Hoﬁlenã, J., Tamboong, B., Rideout, J.A., 2003. Chem. Pharm. Bull. 51, 1208.
Rainer, H., 2007. Ann. Naturhist. Mus. Wien 108B, 191.
Saez, J., Sahpaz, S., Villaescusa, L., Hocquemiller, R., Cavé, A., Cortes, D., 1993. J. Nat. Prod. 56, 351.
Wu, Y.-C., Chang, G.-Y., Ko, F.-N., Teng, C.-M., 1995. Planta Med. 61, 146.
